Experimental
Concanavalin A (Con A) and glycogen were purchased from Funakoshi Co. and Tokyo Kasei Co., respectively. All other compounds were of reagent grade and used without further purification.
To prepare the Con A/glycogen multilayer thin films, Con A and glycogen were alternately deposited on a quartz slide. The quartz slide (5 × 1 × 0.1 cm) was first treated in a 10% dichlorodimethylsilane solution in toluene overnight to make the surface hydrophobic. The silylated quartz slide was immersed in a Con A solution (0.1 mg mL -1 in 0.1 M Tris-HCl buffer containing 1 mM MnCl2 and 1 mM CaCl2, pH 7.4) for 30 min at room temperature to deposit the first layer of Con A. After being rinsed with the buffer for 5 min, the quartz slide was immersed in a glycogen solution (0.1 mg mL -1 in 0.1 M Tris-HCl buffer, pH 7.4) for 30 min to deposit the glycogen and rinsed. The deposition was repeated in order to build up the multilayer films. The formation of the multilayer film was monitored by UV-visible absorption spectroscopy.
The sugar-induced decomposition of the Con A/glycogen multilayer film was evaluated by immersing the films in the sugar solution. After immersing the films in the sugar solution for an appropriate time, the absorbance of the film at 280 nm was measured to estimate the remaining amount of Con A in the film.
Results and Discussion
The Con A/glycogen multilayer films were prepared as reportedly with a minor modification.
8 Figure 2 -a shows the UV-visible absorption spectra of the layers 1 -10 of the Con A/glycogen multilayer films. The intensity of the 280 nm band in the spectra increased in proportion to the number of depositions, suggesting the formation of a multilayer structure on the quartz slide. Figure 2 -b shows an increase in the absorbance of the film at 280 nm, confirming a linear growth of the multilayer film. On the other hand, when the Con A solution that contained 10 mM D-glucose was used for the deposition, the absorbance at 280 nm did not increase (data not shown) because the binding sites of Con A were preferentially occupied by the glucose added in the solution. This explicitly shows that the driving force of the multilayer formation is not a nonspecific adsorption of Con A but a Con A-glycogen complexation. From the slope, the loading of Con A in the Con A/glycogen film was calculated to be ca. 1.4 × 10 -11 mol cm -2 per deposition using the molar extinction coefficient (ε) of Con A (ε = 1.6 × 10 5 at 280 nm). In other words, the loading of Con A in the film is nearly double the calculated value for the monomolecular layer of Con A (ca. 7.6 × 10 -12 mol cm -2 ). This may originate from the randomly branched structure of glycogen. The adsorbed glycogen probably assumes a shaggy surface because of the branched backbone, where several residues of glucose units are able to locate along with the polymeric chains that protrude vertically from the surface. In any case, it is clear that the Con A/glycogen multilayer films can be prepared by the above-mentioned protocol.
Prior to evaluating the sugar sensitivity of the Con A/glycogen films, the stability of the film in the sugar-free buffer solutions at pH 6, 7, and 8 was studied. The 10 layers of Con A/glycogen multilayer film was immersed in the buffer solutions at ca. 20˚C for 2 h and the absorbance at 280 nm of the film was monitored every 15 min. The absorbance of the film at 280 nm remained unchanged at pHs 7 and 8, though ca. 20% decrease in the absorbance was observed at pH 6. Thus, the Con A/glycogen multilayer film was stable at pH 7 -8. Judging from these data, all experiments for evaluating sugar sensitivity of the film were carried out using pH 7.4 Tris-HCl buffer.
The sensitivity of the Con A/glycogen multilayer film to Dglucose and D-mannose was evaluated because Con A is known to strongly bind α-forms of these sugars. Figure 3 10, 11 We also evaluated the sensitivity of the Con A/glycogen film to methyl-α-D-glucose and methyl-α-D-mannose because these sugars are known to bind to Con A more strongly than Dglucose and D-mannose. 10, 11 In fact, the effects of these sugars were significantly higher than those of D-glucose and Dmannose. For example, 2 mM methyl-α-D-mannose sufficed to completely decompose the Con A/glycogen film within a few minutes. Thus, it is possible to control the decomposition rate of the Con A/glycogen film by changing the type of sugar and its concentration.
The sugar-sensitive Con A/glycogen multilayer films may find applications in the development of sugar-sensitive delivery systems or sugar sensors.
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